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 The biggest hurdle in success of gene and drug therapy is designing and preparation of 
suitable bio-nanomaterials to carry the desired nucleic acid and drug to the targeted site. The 
work described in the present thesis encompasses two different approaches for the delivery of 
bioactive oligo/polynucleotides and drugs in vitro and in vivo using either cationic lipids or 
their nanocomposites with different carbon nanomaterials. The idea of using carriers for 
oligo/polynucleotides and drugs came into existence because of numerous physiological 
barriers in pathway of delivery of naked oligo/polynucleotides or drugs which reduces the 
overall activity of these bioactives in biological systems. These barriers trigger scientific 
research toward the preparation of appropriate biomaterials which can overcome the 
physiological barriers and improve the activity of bioactive oligo/polynucleotides and drugs 
in cellular systems. Toward this end, the design and synthesis of different cationic lipids and 
carbon nanomaterials were undertaken as described in seven chapters of the thesis.  
A series of novel cationic lipids with structural variability was prepared and used for 
gene delivery in vitro. They were further tuned chemically to sustain delivery efficiency in 
high serum percentage during in vitro transfection. These serum compatible lipids were used 
to perform transfection of reporter gene plasmid and found to be more efficient compared to 
the some well known commercial products for the same purpose.   
Another series of novel lipids were synthesized for the targeted gene delivery in vitro. 
These tryptophan based cholesteryl lipids were used to prepare mixed liposomes. These 
mixed liposomes were highly efficient in targeting sigma receptor rich HEK293T over sigma 
receptor negative HeLa cells. Mixed liposomes were also prepared for selective targeting of 
αvβ3 and αvβ5 integrins in gene transfection protocol using a palmitoyl-RAFT-RGD4 
template. 
A mixed liposomal formulation was developed to carry out anti-sense siRNA mediated 
knockdown of Smad-2 protein with better efficiency compared to some of the best known 
commercial products for the same purpose. These mixed liposomes were also highly efficient 
for regression via induction of p53 mediated apoptosis in xenograft tumors developed in nude 
mice.  
Carbon nanomaterials have been extensively explored as nanoscale gene/drug carriers 
for potential applications. But the challenge is to solubilize these highly hydrophobic 
materials in aqueous medium for use in biological systems. Although there are reports for 
covalent modifications of such nanomaterials but it could be done only with the loss of some 
beneficial features of these materials. Herein a non-covalent technique has been efficiently 
used to suspend single walled carbon nanotubes in water using biocompatible cationic lipids. 
These nanosuspensions were used to complex plasmid DNA and transfect them in vitro. They 
proved to be highly serum compatible DNA carriers which did not drop the efficiency even in 
very high percentage of serum. Similarly exfoliated graphene was modified with cationic 
lipid and serum components to improve IC50 of Tamoxifen citrate and Methotrexate to a 
considerable extent in vitro. The improved Methotrexate formulations were highly efficient 
for regression in size of xenograft tumors developed in nude mice. 
Thus, the present thesis entails generation of cationic lipids and carbon nanomaterials 
based nanocomposites which were not only highly biocompatible themselves but their 
efficiency was found many fold better compare to some of the best commercial delivery 
agents. These were useful for the delivery of various bioactive oligo/polynucleotides and 
drugs in vitro and in vivo. 
 
